INTRODUCTION
The Olfactory Tubercle (OT) shares many relevant similarities to the Nucleus accumbens (NAcc). While both the structures have been implicated in the rewarding properties of drugs, the OT has not been as thoroughly investigated with regard to reward processing. Anatomical and cellular studies have revealed that both the NAcc and OT share continuous stretches of medium spiny neurons. Moreover, projections from the hippocampus and piriform cortex terminate in both the NAcc and OT, both NAcc and OT project to ventral pallidum, and both structures exhibit similar reactions to acetylcholinesterase staining, distinct from other structures in close proximity (Heimer and Wilson, 1975; Shipley et al., 1995; Ikemoto, 2007) . Because of the cellular, afferent, and efferent similarities between the OT and the NAcc, Heimer and Wilson suggested both brain regions to be part of the ventral striatal system. Furthermore, they believed the OT and NAcc to contribute to the same neurobehavioral processes.
The roles of the OT and NAcc in processing rewarding stimuli involve dopaminergic projections from the ventral tegmental area (VTA). Accordingly, the OT has been shown to support intracranial self-administration (S-A) of dopamine (DA) agonists: cocaine and amphetamine (Ikemoto et al., 2007) , as does the medial shell subregion of the NAcc (Ikemoto et al., 2007; Carlezon et al., 1995) . Moreover, 6-OHDA depletion of DAergic fibers from the VTA causes a significant decrease in the DAergic innervation of the ventral striatum, as well as in the rewarding efficacy of intracranial selfstimulation (Fibiger et al., 1987) . Concordantly, the DAergic innervation of the OT has been found to be crucial in the development of a conditioned place preference for methylphenidate (Sellings et al., 2006a,b) and manipulations of DA have proven to be crucial for producing rewarding effects in both regions (Ikemoto et al., 2007) .
A large body of electrophysiological research has focused on the role of the NAcc in reward processing. These studies have demonstrated that neurons show slow-phasic changes in firing rate for minutes surrounding an infusion. The "progressive-reversal" slow phasic pattern is characterized by a postinfusion firing change during cocaine S-A (Fig. 1B) followed by a reversal that is correlated with the cycle of selfinfusion (Peoples and West, 1996) . These firing rate changes are both unrelated to the cycle of locomotor behavior (Peoples et al., 1998) and correlated with estimated cocaine levels (Nicola and Deadwyler, 2000) . Evidence that such NAcc firing patterns are pharmacologically mediated suggests that they may help transduce fluctuating cocaine levels during S-A into neural signals that may guide drug seeking.
Despite the body of work suggesting a similar role for the OT, patterns of OT neuron firing during cocaine S-A have not been previously reported. As the aforementioned similarities suggest, basal forebrain processing of not only DA altering drugs, but also general reward processing are not likely restricted to the NAcc, but may also be under the control of the OT. Therefore, in an effort to explore the contribution of the OT to downstream processing, as well as gain a better conceptual understanding of the entire ventral striatum's role in mediating reward, it is important to assess whether cocainesensitive firing patterns are observed in the OT.
To test whether or not slow-phasic firing patterns exist in the OT, male Long Evans rats (N 5 14) were implanted with indwelling catheters into the jugular vein and sixteen channel microwire arrays targeting the ventral striatum. Animals were trained to selfadminister cocaine for 6-h per day by responding on a lever under an FR1 schedule (0.24 mg/0.2 ml/infusion over 7.5 s; 0.67 2 0.77 mg/kg). Drug availability was signaled by a stimulus-light located above the lever. A 7.5 s tone signaling cocaine infusion coincided with the infusion pump. Infusions were followed by a 40 s schedule timeout during which responses had no programmed consequences. Before electrophysiological recordings, it was verified that animals had acquired S-A behavior as evidenced by increases in both the number of responses and daily drug intake over days. Following 2-weeks of training, single-units were recorded. . The x-axis shows time in relation to the infusion offset (seconds). Y-axis is an average of firing rate across 50 trials. Fig. 2 . Patterns detected by the principal components analysis. Bold component traces are representative curves of activity within a group of neurons shown to fire similarly (Anderson-Rubin factor scores) and gray traces represent normalized firing rate (z-score) for individual neurons composing each taxon. Time in relation to the infusion offset (seconds) is shown on the x-axis (infusion at time zero). Plots A, B, and C correspond to decreasing (A) and increasing (B-C) progressive reversal (PR) patterns, which appear to be pharmacologically mediated by fluctuations in estimated drug level across the interinfusion interval. Plots D-F represent late-reversal (LR) and early-reversal (ER) patterns which may or may not be linked to pharmacological mediation. Plot G shows traces for neurons that did not load on any of the defined taxa (i.e., those which show no pattern across the interinfusion interval; NC).
Each channel was recorded for one session (Supporting Information 1.1).
Following neural recordings, animals' brains were extracted and processed to verify microwire placements into the OT. A total of 224 wires were aimed toward the ventral striatum. Microwires were localized to both the NAcc and the OT (Supporting Information 1.2) . Data from microwires localized to the NAcc were previously published (Fabbricatore et al., 2010) . Thirty-three microwires exhibiting a single-unit were localized to the OT (Fig. 1A, Supporting Information 1.3) .
Patterns of firing in the minutes surrounding each infusion were identified using a principle components analysis (Tabachnick and Fidell, 1989) as described previously (Root et al., 2012 ; Supporting Information 1.4). Briefly, this analysis allows for the creation of a taxonomy (or typology) of different firing patterns in response to cocaine infusions. Previous studies of slow phasic firing rate data in our laboratory have defined two directions of postinfusion changes in firing rate (increase and decrease) and three different kinds of reversal patterns (early, progressive, and late), which correspond to the time course of the observed change. Progressivereversal neurons show an initial increase or decrease in postinfusion firing rate followed by a gradual reversal of the postinfusion change (e.g., Fig. 1B) .
Nearly all recorded OT neurons (78.8%) exhibited a postinfusion change and subsequent reversal over the interinfusion interval. The most common reversal type in the OT was a progressive-reversal (n 5 19; 57.6%). Forty-five percent of all neurons exhibited a postinfusion decrease with a progressive reversal, whereas 12 percent of neurons a postinfusion increase with a progressive reversal (Fig. 2) . Drug-levels were estimated using first-order pharmacokinetics (described in Supporting Information 1.5; Root et al., 2012) . Significant correlations between estimated drug level and firing rate were observed in 42 percent (n 5 14) of OT neurons (mean r 5 0.51 6 0.03, P < 0.001). All 14 of the neurons exhibiting correlations between estimated drug-level and firing rate were of the progressivereversal type firing pattern. Thus, 74 percent of progressive-reversal neurons exhibited correlation with estimated drug-level (Supporting Information 2.0).
These data demonstrate unequivocally that OT neurons exhibit progressive-reversal firing patterns during cocaine S-A. Identification of these firing patterns draws yet another similarity between the NAcc and OT, suggesting that both process fluctuating levels of cocaine in a similar manner, as does their common target, ventral pallidum (Root et al, 2010 ) (NAcc and OT further compared in Supporting Information 3.1). Our results add to a growing literature supporting a role for the OT in the rewarding action of psychostimulants. Furthermore, these results also add to mounting evidence that the progressive-reversal pattern is a product of the pharmacological time-course of cocaine's actions in the brain. Notably, evidence from our laboratory has suggested that fluctuations in estimated levels of cocaine also correspond to changes in drug-related affective processing (Barker et al., 2014) . Finally, as the first single-unit recording study of the OT during self-administration, the results of this study lay the groundwork for future exploration of the OT's role in drug abuse and motivated behavior and suggest that future studies of the OT are necessary in order to fully explore ventral striatal contributions to reward processing and drug abuse.
